Identification of the acidic residues in the active site of DNA polymerase III.
The mechanism of nucleotide addition by DNA polymerases involves two metal ions that are coordinated in the active site by conserved acidic residues. The three acidic residues that chelate Mg2+ in the active site of Escherichia coli DNA polymerase III have been identified as Asp401, Asp403, and Asp555 by site-directed mutagenesis. Candidates for mutagenesis were initially chosen based on absolute conservation of acidic residues in an alignment of more than 20 diverse DnaE sequences. Conservative Asp to Glu mutations at positions 401 and 403 reduced the activities of the mutant polymerases 2000 and 333-fold, respectively, from that of the wild-type. The third carboxylate was identified by a series of mutations for each critical candidate. With the exception of Glu, all of the mutations at Asp555 led to severely diminished polymerase activity, while each of the other candidates exhibited several relatively active mutant polymerases. Moreover, only the identified active site mutant polymerases displayed a significant enhancement of activity in Mn2+ compared with Mg2+. These data suggest a direct involvement of the mutated amino acid in metal ion binding.